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Supplementary Materials Section S1. Network representations of catalyzed biochemical reaction
The process to encode a biochemical reaction as the network representation can be described with the diagram below as follows: (a) Suppose that a chemical reaction R catalyzed by an enzyme E is given, which transforms chemical compounds C1 and C2 to C3 and C4. (b) The reaction, R, can be described in a reaction diagram, or a directed bipartite network representation, where the reactants C1 and C2 are connected to the reaction node and the products C3 and C4 are connected as products from the same reaction. In principle, this biochemical reaction, R, can happen in opposite direction depending on the environment. Therefore, in bipartite network representation, the edges connecting chemical compounds and the reactions are considered as bidirected, which is equivalent to undirected for our analysis. (c) The unipartite network representation of the reaction, R, shows how the reaction information is embedded in the network. In the unipartite network representation, nodes are substrates and a reactant is connected directly to a product if they are connected to the same reaction in the corresponding reaction diagram. To characterize the structure of biochemical networks, we utilized some of the most frequently used topological measures. The detailed descriptions about these topological measures can be found in 38 . Here, we briefly review these measures.. For computing each measure, we used the Python software package, NetworkX 73 . The topological measures implemented in this paper include average degree, average clustering coefficient, average shortest path length, assortativity (degree correlation coefficient), and node betweenness.
We calculate all network measures on the largest connected component (LCC) of each network, for the following reasons: 1. Several network measures only make sense to calculate on connected components (e.g. average shortest path), focusing on the LCC therefore permits all network measures implemented in our study to be calculated for all networks; 2. The largest connected component for each network generally contains the vast majority of nodes (>90%) for the vast majority of networks in each dataset (the only exception is the random reaction networks, of which only ~76% have a largest connected component with at least 90% of a network's nodes). See table S1 and fig. S1 for distribution of sizes of the LCC by dataset.
Degree
The degree of a node i, k i is the total number of connections between i and rest of the network. The average degree <k> in this paper is the average of k i for all nodes in the LCC of a given network.
Clustering coefficient
The local clustering coefficient for a node i, C i measures the local density of edges in a network by considering the number of connected pairs of neighbors of i. Hence, C i is defined as, (1) where k i is the degree of node i and L i is the number of connections between neighbors of i. A large value of C i indicates the highly interconnected neighborhood of i. The variable C i is measured by using a Networkx method clustering(..). We computed <C>, the average of C i , over all nodes in the LCC of each network.
Shortest path length
The shortest path length, l ij between a given pair of two nodes i and j is defined as the minimum number of edges connecting the two nodes in a given network. The variable l ij is computed using the Networkx method shortest_path_length(..). We calculated the average shortest path length, <l> by averaging l ij for every pair of nodes in LCC of a given network.
Assortativity (degree correlation coefficient)
Assortativity measures the tendency of two nodes with similar properties to be connected in a given network. The assortativity coefficient proposed by Newman 74 is formulated as follows: (2) where e xy is defined as the fraction of edges between a node with value x and one with value y for a given node attribute, and a x and b y are the fraction of edges coming into and going out from nodes of value x and y respectively. The variables σ a and σ b are the standard deviations of the distributions of a x and b y . When the considered attribute of nodes is their degree, the assortativity becomes the degree correlation coefficient, quantifying the correlation between the degrees of nodes on either side of an edge. Hence, for undirected networks in our study, a x = b y and σ a σ b = σ 2 . If r < 0 , the network is assortative, i.e. nodes with similar degree tend to be connected to each other. If r > 0 , the network is disassortative, i.e. nodes in it tend to be paired to other nodes with different degrees. For an arbitrary network, -1<= r <= 1. To measure the assortativity r , we used a Networkx method degree_assortativity_coefficient(..).
Betweenness
Betweenness centrality of a node, B i is defined as 75 ,
where V is the set of all nodes in a network, and σ(s,t) and σ(s,t|i) denote the number of all shortest paths from s to t , and the number of the shortest paths through a given node i, respectively. Replacing σ(s,t|i) with σ(s,t|e) for an edge e, one can also formulate the edge betweenness. The variable B i measures degree of importance of i for the interactions between subsets of a given network. To compute B i , Networkx methods betweenness_centrality(..) is implemented and <B> is average of B i over every node in LCC of a given network.
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Fig. S1. Percentage of nodes in the LCC of a network versus the size of its LCC.
Shown is the percentage of nodes in the LCC, as a function of the size of the network's largest connected component: (A) for all biological individuals (archaea, bacteria, eukarya). (B) for all biological ecosystems (from JGI, KEGG). (C) for randomly sampled individuals (archaea, bacteria, eukarya, and random individuals drawn from all domains). (D) for randomly sampled reactions. (E)
Pointplot of biological networks (individuals and ecosystems) and random reaction networks, binned in increments of 100 compound nodes. Bars show one standard deviation of networks within a bin. . Biochemical diversity and network topology measures for domain-weighted frequency-sampled random reaction networks. Shown are data for unipartite representations of the domain-weighted frequency-sampled random reaction networks we analyzed. These were created by sampling reactions based on the frequency distribution observed within each domain, with reactions from each domain given an equal probability to be sampled. Left column, from top to bottom: number of reactions (N R ), number of ECs (N EC ), average shortest path length (<l>), and average clustering coefficient (<C>). Right column, from top to bottom: number of edges (N Edges ), average node betweenness (<B>), and assortativity (r). 
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